$ 4. IDATJ OF REPOST (Yea

Sota)
i. PAGE Reconstruction of atomically flat and nepatively charred Au(Il.) surfaces during STh imaaing in air is reported. Formation of corruo'ation line uairs of 0.2A height and -63A periodic soacing during scanning is attributed to a local electric field induced transition of the surface layer into the -iI x 22 reconstructed phase. The concurrent formation of holes and translation of steps durine reconstruction sugeests that Au(lll) allows for both in-plane contraction and in-plane expansion of interatomic bond distances. STh images reveal that the observed corrugated lines in the -0 x 22 structure are mobile and anneal into a stable surface structure on the time-scale. of tens of seconds. In this paper we restrict ourselves to the case of negative fields, i.e., excess negative charge residing on the Au surface. The effects of excess positive surface charge and the peculiar effects observed when the sample is immersed in a polar solvent will be the subject of a subsequent paper.
ELECTRIC FIELD INDUCED RECONSTRUCTIONS IN
Experimental.
A Nanoscope 11(M) Scanning Tunneling Microscope was usei o . Experiments were p erimed in air using mechanically cut and polished Pt(70%) -Rh(30%) tips, which were tested on highly oriented pyrolytic graphite substrates pnr to the Au experiments.
All STM fimags were recorded in the constant current mode using a scan rate of 8.6 Hz and consist of 400 x 400 data points. Inhges were typically low-pass filtered once, unless
Stated oherwise in th figure Captions.
The Au surfaces wer prepr according to the procedure given by Hsu and Results and Discussion. Fig. 2b and 2c) , holes appear on the terrace to the right of the step, corrugation lines begin to form, and the shape of the monoatomic step in the middle of the picture changes slightly. Upon decreasing the bias voltage back to -0.1 , the newly created corrugation lines persist on the surface (Fig. 2d) . Further ordering of the corrugation lines and the disappearance of holes occurs over a period of -60s (Fig 2e) . This tip-induced surface phenomenon is also documented on the terrace to the left of the step. Here, however, a larger part of the surface is reconstructed during and after the high bias voltage scans, i.e., exhibiting the proper line pair spacing of -63A in the final image (Fig. 2e) . The results shown in Fig. 2 Generally, metal surface reconstructions are thought to be driven by forces on the topmost layer metal ion cores which arise from electronic charge redistributions in the surface layer 22 -25 . Deils of this charge redistribution ae still a topic of contoverwy; thus,
is not yet possible to predict the direction of the surface layer atom relaxation. In an attempt to reconcile apparently contradicting experimental findings, Heine and Marks 2 1 argued that both expansion and contraction of interatomic bonds in the topmost layer are possible for the uncharged Au(l 11) surface. Both in-plane contraction and an outward force normal to the surface should occur on an atomically flat surface, whereas expansive forces should emerge in the vicinity of a step. The situation is more complicated when excess charge resides on the surface. Gies and Gerhardts 2 A have theoretically shown that the density in the electron tail above the jellium edge is increased when a negative electric field is applied (i.e., negative residing on the surface). This increased electron density should cause further relaxations of the atomic positions in the topmost layer, as has been qualitatively shown by Kiejna 4 . In the STM experiment, these relaxations should be localized to the surface region directly beneath the tip. Following previous arguments 21 that the interatomic bonds in the Au surface represent a bifurcation, i.e., a physical system with two or more energy minima, and that the unreconstructed surface represents one of those minima, the effect of a local field may be to drive the system into the contracted and reconstructed phase.
Inspection of Fig. 2 shows that a large portion of the surface exhibits the wellknown twinned corruption lines with the proper spacing of -63A following the "field treaent." The series of images in Fig. 2 that Au allows for bodi, in-plaie contraction and in-plane expansion of interatomic bonds.
We have also observed that monoatomic steps are slightly displaced during the "field treannent," indicating that diffusion from steps may also play a role in the reconstruction processClearly, more detailed and careful measurements are needed to quantitatively evaluate the mass transport during the reconstruction pCes.
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Most of the corrugation lines that appear during imaging are not initially separated by the normal 63 A spacing, as can be seen in Fig. 2b-c Approaching the end of our discussion we address the possible role tha contaminations might play in our experiments. The formation of reconstruction patterns which are known to form only when the surface exhibits a high degree of cleanliness, leads us to the assumption that we are dealing with clean Au. Also, we rule out the possibility that the unreconstructed surface is stabilized by undetected adsorbates, which would be subsequently removed during the scan process, allowing the surface to reconstruct. his should degrade the resolution of the tip or at least increase the noise in the images, neither of which is observed. More importantly, the removal of an adsorbate should be more effective when the tip is very close to the surface, i.e., when the surface is scanned with low bias voltages. However, we did not observe any surface phase transitions when the surface was scanned under low bias voltage conditions Also we note that the phenomena reported here wore reproduced on different samples and with different tips. Further support not only for the cleanliness aspect but also generally for our proposed mechanism comes from the "in-situ" electrochemical STM studies by Gao et al. 1 7 . 1 who were able to atomically resolve reconstructed areas of a flame treated Au(100) 17 and Au(1 11)18 electrodes as a function of the applied cell potential. Since the reconstructions take place in a potential range below the onset of specific adsorption, Gao et al. suggested, in close similarity to our argument, that the accumulation of excess negative charge on the surface might act as the driving force for the reconstruction.
Finally, we note that excess surface charge also seens to be responsible for the (lxl) -+ (Ix2) reconstructions observed upon alkali adsorption on some metallic (110)
substrates, e.g., Cu(l 10) (for an overview on these phenomena: see Bonze 27 ). Charge transfer between the adsorbed alkali atom and the metal increases the local surface electronic charge, a situation not too dissimilar from that encountered in our STM experiment (in which the adsorbed alkali ion is replaced by the STM tip in a gedanken experiment). The conceptual similarity of these processes, in conjunction with the present demonstration of a tip-induced reconstruction, suggests interesting applications of STM in fundamental investigations of reconstruction dynamics. 
